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FROMHETEROMYID
RODENTSIN THE
COCCIDIA(APICOMPLEXA)
AND
SOUTHWESTERN
UNITEDSTATES, BAJA CALIFORNIA,
NORTHERNMEXICOWITHTHREENEWSPECIES
FROMCHAETODIPUS
HISPIDUS
P. L. Ford, D. W. Duszynski, and C. T. McAllister*
Department of Biology, The Universityof New Mexico, Albuquerque, New Mexico 87131
ABSTRACT:Fecalsamplesfrom223 heteromyidrodentsof 4 generaand 13 specieswerecollectedfromCalifornia,

New Mexico, and Texas and from BajaCaliforniaNorte and Sonora,Mexico. Of these, 84 (38%)wereinfected
with coccidian oocysts; 72 of 84 (86%)infected animals had only 1 species of coccidian. Eleven species of
coccidia were identifiedincluding 1 cyclosporanand 10 eimerians;the cyclosporanand 2 of the eimeriansare
describedas new species. Sporulatedoocysts of Cyclosporaangimurinensisn. sp. were subspheroidal,21.9 x
19.3 (19-24 x 16-22) Mm,with sporocystslemon-shaped, 11.9 x 9.5 (9-15 x 8-11) ,m; it was found in 1 of
20 (4%)Chaetodipushispidus.Sporulatedoocysts of Eimeria chaetodipin. sp. were subspheroidal,16.7 x 14.6
(13-19.5 x 12-17) zm, with sporocystsovoidal, 8.7 x 6.6 (7.5-10.5 x 5-7.5) ,m; it was found in 3 of 20 (15%)
C. hispidus.Sporulatedoocysts of Eimeria hispidensisn. sp. were subspheroidal,20.5 x 17.4 (17-23 x 14-21)
gzm,with sporocystslemon-shaped,9.3 x 7.2 (7.5-10.5 x 5-9) gm; it was found in 4 of 20 (20%)C. hispidus.
Prevalenceof infection included 0 of 20 Chaetodipusarenarius,0 of 16 Chaetodipusbaileyi, 25 of 46 (54%)
Chaetodipuscalifornicus,13 of 30 (43%) Chaetodipusfallax, 7 of 20 (35%)Chaetodipusformosus, 14 of 20
(70%)C. hispidus,4 of 25 (16%)Chaetodipuspenicillatus,5 of 7 (71%)Chaetodipusspinatus, 8 of 21 (38%)
0 of 3 Perognathusinornatus,
Dipodomyselator, 1 of 1 Perognathusflavescens,5 of 11 (45%)Perognathusfilavus,
and 2 of 3 (67%)Liomyspictus.The followingcoccidianswereidentifiedfrominfectedrodents:C. angimurinensis
n. sp. from C. hispidus;Eimeria albigulaefrom C. californicus;Eimeria arizonensisfrom C. californicusand
D. elator, E. chaetodipin. sp. from C. hispidus;Eimeria balphaefrom D. elator;E. hispidensisn. sp. from C.
hispidus;Eimeria langebartelifrom C. hispidus;Eimeria liomysis from L. pictus; Eimeria merriamifrom C.
penicillatus;Eimeria reedifrom C. californicus,C.fallax, C.formosus, C. hispidus,C. penicillatus,C. spinatus,
and P. flavus; and Eimeria scholtyseckifrom C. californicus.
viously describedspecies) days old. Skeletons, skins,
and tissues for electrophoresisfor most hosts are depositedin the Museumof SouthwesternBiology(MSB),
The Universityof New Mexico(UNM). Micecollected
in Hardeman, Hood, Jack, Johnson, and Somervell
counties, Texas, are deposited in the ArkansasState
University Museum of Zoology (ASUMZ). Syntypes
(=phototypes, see Bandoni and Duszynski, 1988) of
sporulatedoocysts of our 3 new species have been deposited in the U.S. National MuseumParasiteCollection (USNMPC), Beltsville, Maryland.

In our continuing effort to compile information on coccidian infections in natural populations of wild mammals, we sampled 3 genera of
pocket mice, Chaetodipus, Liomys, and Perognathus spp., and the Texas kangaroo rat, Dipodomys elator, from a variety of localities in California, New Mexico, and Texas and in Baja
California Norte and Sonora, Mexico. This paper
summarizes our work and reports 3 new species
of coccidia, 1 cyclosporan, and 2 eimerians.

RESULTS

MATERIALS
AND METHODS
Mice were live-trappedand fecal samples were collected from them and stored in 2%(w/v) aqueouspotassiumdichromate(K2Cr207).Methodsused for storageand processingfecalsamplesand for concentrating,
measuring,and photographingoocysts have been described in detail (Duszynski et al., 1982; Stout and
Duszynski, 1983).Measurementsaregiven in micrometers(Mm)with size rangesin parenthesesfollowingthe
means.Oocystsweremeasuredandphotographedwhen
they were between 83 (new species) and 3,168 (preReceived20 October1989;revised 18 January1990;
accepted 18 January1990.
* Department of Biological Sciences, University of
North Texas, Denton, Texas 76203.
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All rodents, their collection localities, and the
coccidians with which they were infected are presented in Table I.
Cyclospora angimurinensis n. sp.
(Figs.1-3, 12)
Description
Oocyst subspheroidalwith thin wall (- 1) composed
of 2 layersof equal thickness;outerlayersmooth;micropyleabsent;oocyst residuumas 3-4 clumpedglobes
of different sizes; 1 polar body present; sporulated
oocysts (n = 52) 21.9 x 19.3 (19-24 x 16-22) with
L:Wratio 1.1+ (1.1-1.3); sporocysts(n = 51) lemonshaped, 11.9 x 9.5 (9-15 x 8-1 1) with L:Wratio 1.25
(1.1-1.5); Stiedabody present,but sub- and parastieda
bodies are absent; sporocystresiduumof small gran-
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TABLE I. Coccidian parasites collected from pocket mice, Chaetodipus, Perognathus, and Liomys spp., and from
kangaroo rats, Dipodomys elator, collected in the southwestern United States, Baja California, and northern
Mexico.

Rodents

Locality

Mice infected/
mice examined
(%)

Raia California Norte
Baja California, Norte
Baja California, Norte

0/20
0/16
17/28 (61)

Perognathus inornatus

Los Angeles Co., California
Madera Co., California
Riverside Co., California
San Bernardino Co., California
San Diego Co., California
Baja California, Norte
Baja California, Norte
Hardeman Co., Texas
Hood Co., Texas
Jack Co., Texas
Johnson Co., Texas
Motley Co., Texas
Somervell Co., Texas
Wichita Co., Texas
Baja California, Norte
Sonora
San Bernardino Co., California
Baja California, Norte
Hardeman Co., Texas
Wichita Co., Texas
Wilbarger Co., Texas
Sonora
Motley Co., Texas
Hardeman Co., Texas
Hidalgo Co., New Mexico
Hood Co., Texas
Somervell Co., Texas
Wichita Co., Texas
Wilbarger Co., Texas
Madera Co., California

0/1
1/2 (50)
5/13 (38)
1/1 (100)
1/1 (100)
13/30 (43)
7/20 (35)
3/5 (60)
4/4 (100)
1/1 (100)
2/3 (67)
1/2 (50)
2/2 (100)
1/3 (33)
0/11
3/13 (23)
1/1 (100)
5/7 (71)
3/10 (30)
2/4 (50)
3/7 (43)
2/3 (67)
1/1 (100)
1/1 (100)
0/1
1/1 (100)
2/4 (50)
0/1
1/3 (33)
0/3

Totals
4 genera
13 species

17 localities

84/223 (38)

Chaetodipus arenarius
Chaetodipus baileyi
Chaetodipus californicus

Chaetodipus fallax
Chaetodipus formosus
Chaetodipus hispidus

Chaetodipus penicillatus

Chaetodipus spinatus
Dipodomys elator

Liomys pictus
Perognathus flavescens
Perognathusflavus

Coccidia spp.
Eimeria albigulae, Eimeria arizonensis, Eimeria reedi, Eimeria
scholtysecki, sp.*
E. reedi
E. reedi, E. scholtysecki, sp.*
E. reedi
E. reedi
E. reedi, sp.*
E. reedi
E. reedi
Eimeria chaetodipi, E. reedi
Eimeria hispidensis, E. reedi
E. hispidensis, Eimeria langebarteli, E. reedi
E. reedi
E. chaetodipi, E. hispidensis, Cyclospora angimurinensis, E. reedi
E. reedi
Eimeria merriami, E. reedi
E. reedi
E. reedi, sp.*
E. arizonensis, Eimeria balphae
E. arizonensis, E. balphae
E. arizonensis, E. balphae
Eimeria liomysis
sp.*
E. reedi
E. reedi
E. reedi
E. reedi

11 spp.

* sp. = coccidia not identifiable because of unsporulated oocysts.

ules, either compact or dispersed; sporozoites with large
posterior refractile body.
Taxonomic summary
Type host: Chaetodipus hispidus hispidus (Baird,
1858), hispid pocket mouse.
Type locality: U.S.A., Texas, Somervell County, 0.4
km NNE Nemo off county road 407.
Prevalence: Found in 1 of 20 (4%) C. h. hispidus
collected from 7 counties in Texas.
Site of infection: Unknown, oocysts collected from
feces.
Material deposited: Phototypes of oocysts in the
USNMPC No. 80934. Host skin and skeleton in the
ASUMZ, No. 18031 (adult male), C. T. McAllister
#158, 10 October 1987.
Etymology: The nomen triviale is derived from ang
(Gr., vessel), muri (L., mouse), and -ensis (L., belonging
to), indicating this parasite is from a pocket (vessel)
mouse.

Remarks
Cyclosporans were described first from a myriapod,
Glomeris sp., by Schneider (1881), but records from
reptiles and mammals, especially insectivores (Pell6rdy, 1974), are not uncommon. To date, there are 6
described mammalian cyclosporans, all from moles
(see Duszynski and Wattam, 1988; Ford and Duszynski, 1988, 1989). The form we describe here differs
from the other Cyclospora species by having an oocyst
residuum and by the shape and L:W ratio of its sporocysts (1.3 vs. 1.6 or larger).
Eimeria chaetodipi n. sp.
(Figs. 4-6, 13)
Description
Oocyst subspheroidal with thin wall (< 1) composed
of only 1 obvious smooth layer; micropyle absent;
oocyst residuum present as single small globe or absent;
polar body present; sporulated oocysts (n = 43) 16.7

RODENTS
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x 14.6 (13-19.5 x 12-17) with L:W ratio 1.1 (1.01.3); sporocysts(n = 43) ovoidal, 8.7 x 6.6 (7.5-10.5
x 5-7.5) with L:W ratio 1.3 (1.1-1.6); Stieda body
present,but sub- and parastiedabodiesareabsent;sporocyst residuumconsists of a few small granulesdispersed between sporozoites;sporozoiteswith a large,
posteriorrefractilebody.
Taxonomic summary

Type host: Chaetodipushispidus hispidus (Baird,
1858), hispid pocket mouse.
Type locality: U.S.A., Texas, Hood County, 17.5
km SE Granburyoff FM 2174 at Fort Spunky.
Other locality: U.S.A., Texas, Somervell County,
0.4 km NNE Nemo off County road 407.
Prevalence: Found in 3 of 20 (15%)C. h. hispidus
collected from 7 counties in Texas.
Site of infection: Unknown, oocysts collected from
feces.
Material deposited: Phototypes of oocysts in the
USNMPC No. 80935. Host skin and skeleton in the
ASUMZ, No. 17991 (adult male), C. T. McAllister
#97, 13 June 1987.
Etymology: The nomen trivialeis derivedfrom the
genericname of the host.
Remarks

Althoughsporulatedoocysts of this speciesresemble
those of E. liomysis in shape, the small size distinguishes them from all eimeriansdescribedpreviously
from heteromyidrodents.
Eimeria hispidensis n. sp.
(Figs. 7-9, 14)
Description

Oocyst subspheroidalwith wall ~ 1, composed of 2
layers: outer layer may be lightly sculptured, 2/3 of
total thickness; micropyle absent; oocyst residuum
present as several globules of various sizes; 1 polar
body present;sporulatedoocysts (n = 49) 20.5 x 17.4
(17-23 x 14-21) with L:W ratio 1.2 (1.0-1.5); sporocysts(n = 49) lemon-shaped,9.3 x 7.2 (7.5-10.5 x
5-9), with L:Wratio 1.3 (1.1-1.5); Stiedabody present,
but sub- and parastiedabodies are absent; sporocyst
residuumof severalsmall globules;sporozoiteswith a
largeposteriorrefractilebody.
Taxonomic summary

Type host: Chaetodipushispidus hispidus (Baird,
1858), hispid pocket mouse.
Typelocality: U.S.A., Texas,SomervellCounty,0.4
km NNE Nemo off county road 407.
Other localities: U.S.A., Texas, Jack County, 8.0
km SW Jacksboro,and Johnson County, 17 km SW
Cleburneoffcountyroad 1120at George'sCreekRanch.
Prevalence: Found in 4 of 20 (20%)C. h. hispidus
collected from 7 counties in Texas.
Site of infection: Unknown, oocysts collected from
feces.
Material deposited: Phototypes of oocysts in the
USNMPC No. 80936. Host skin and skeleton in the
ASUMZ, No. 18031 (adult male), C. T. McAllister
#158, 10 October 1987.
Etymology: The nomen trivialeis derivedfrom the
specific part of the scientific name of the host and
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-ensis(L., belongingto) indicatingthatthis formcomes
from C. h. hispidus.
Remarks

Sporulatedoocysts of this form are most similar to
those of E. liomysis, but differ by having an oocyst
residuumthat is never found in E. liomysis.
Other eimerians

Eimeria albigulae Levine, Ivens, and Kruidenier,
1957: Sporulatedoocysts that were structurallyidentical to those of E. albigulaewere found in 1 Chaetodipuscalifornicuscollectedat Vallede la Trinidad,Baja
CaliforniaNorte, Mexico(MSB#47481). This host was
1 of 28 C. californicuscollectedfrom severallocations
in Mexico; 17 of these mice wereinfectedwith various
eimerians (Table I). This coccidian species was first
describedfrom Neotoma albigula,the white-throated
woodrat (Muridae, see Anderson and Jones, 1984),
from Arizona (Levine et al., 1957). This is the first
reportof E. albigulaein anothergenus.
Eimeria arizonensisLevine, Ivens, and Kruidenier,
1957: Sporulatedoocyststhatwe couldnot distinguish
frompublisheddescriptionsofE. arizonensiswereseen
in 3 Dipodomyselator from 3 counties in Texas and
in 1 C. californicusfrom BajaCaliforniaNorte (Table
I). This coccidianspecieswas firstdescribedfromPeromyscustrueiin Arizonaand laterdescribedfromPeromyscus leucopusand Peromyscusmaniculatusin Illinois (Levineand Ivens, 1960),P. maniculatusin British
Columbia(Levineand Ivens, 1963),andin Peromyscus
eremicus,P. maniculatus,and P. trueiin New Mexico
(Redukeret al., 1987).This is the firsttime thatoocysts
resemblingthose of E. arizonensishave been found
outside membersof the Muridae.
Eimeria balphae Ernst, Chobotar,and Anderson,
1967: This species was first describedfrom a single
Dipodomysordii in Utah (Ernst,Chobotar,and Anderson, 1967) and it also has been reportedfrom 15
of 137 (11%)D. ordii from Texas (Shortet al., 1980).
This is the first report of E. balphaein D. elator, in
which we found 8 of 21 (38%)examinedto be infected
(Table I).
Eimeria langabarteliIvens, Kruidenier,and Levine,
1959: This species, first describedfrom Peromyscus
boylii from Chihuahua,Mexico (Ivens et al., 1959),
was later found in P. leucopustornilloand in P. truei
trueifrom New Mexico and California(Redukeret al.,
1985). The sporulatedoocysts we saw in 1 of 2 C. h.
hispidusfrom Texaswereindistinguishablefromthose
in the above descriptions.This is the first time this
coccidianspecies has been found in a memberoutside
the Muridae.
EimerialiomysisLevine,Ivens,andKruidenier,1958:
This species was reportedfrom Liomyspictus in Sinaloa, Mexico, and from Liomys irroratusin Jalisco,
Mexico (Levine et al., 1958), and from L. pictus in
Nayarit and Sinaloa, Mexico (Ivens et al., 1959). We
found it in 2 of 3 (67%)L. pictus collectedin Sonora,
Mexico (Table I), which extends the parasite'srange.
Photomicrographsof sporulatedoocystsof this species
have not been published previously, but we include
one here (Fig. 10).
Eimeria merriamiStoutand Duszynski,1983: This
specieswas originallydescribedfromDipodomysmer-
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FIGURES 1-11. Photomicrographs of sporulated oocysts of coccidia collected from the feces of heteromyid
rodents in the southwestern U.S. x 1,900. 1-3. Cyclospora angimurinensis n. sp. from Chaetodipus hispidus
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FIGURES12-14. Line drawings of sporulated oocysts of coccidia collected from feces of Chaetodipus hispidus.
Bar = 10 ,im. 12. Cyclospora angimurinensis n. sp. 13. Eimeria chaetodipi n. sp. 14. Eimeria hispidensis n. sp.

riami from Baja California Norte (Stout and Duszynski, 1983). This is the first time it has been reported

from Chaetodipus,in which we foundit in 1 of 25 (4%)
Chaetodipuspenicillatusfrom Mexico and the U.S.A.
EimeriareediErnst,Oaks,and Sampson,1970: The

(Table I). This is the first record in members outside

the genus Dipodomys.
DISCUSSION

original description of E. reedi is from Chaetodipus

Members of the family Heteromyidae (kanformosus (=Perognathusformosus) from California
rats, pocket mice, and their allies) constigaroo
(Ernst et al., 1970). We found it in 22 of 46 (48%) C.
californicus from Mexico and California, 12 of 30 (40%) tute a morphologically and ecologically diverse
collection of rodents that possesses adaptations
Chaetodipusfallax from Mexico, 7 of 20 (35%) C. formosus from Mexico, 5 of 20 (25%) C. hispidus from
that allow inhabitation of arid and semiarid reTexas, 4 of 25 (16%)C. penicillatusfrom Mexico and
of the southwestern United States and
gions
California,3 of 7 (43%) Chaetodipusspinatus from
Mexico. These rodents nest in underground burMexico, and 5 of 11 (45%) Perognathusflavus merrirows that range from simple tunnels made by
ami from New Mexico and Texas (Table I). Photomicrographs of sporulated oocysts of this species have
juveniles to intricate systems composed of 2 or
not been published previously, but we include one here
more entrances constructed by adults (Blair,
(Fig. 11).
Eimeria scholtyseckiErnst, Frydendall,and Ham- 1937). Often, no more than 1 individual inhabits
a burrow system, and its feces are usually demond, 1967: This species was originally described from
D. ordii in Utah (Ernst, Frydendall, and Hammond,
posited in blind side tunnels. These 2 factors may
1967).It has been reportedalso fromDipodomysagilis limit exposure of certain taxa of heteromyid roand Dipodomysgravipesfrom Baja CaliforniaNorte
and from Dipodomysspectabilisin New Mexico (Stout dents to coccidian oocysts. However, the overall
prevalence of infection (84/223, 38%) is modand Duszynski, 1983). We found it in the feces of 3 of
46 (6.5%)C. californicusfrom Californiaand Mexico erate, and other factors (behavior, genetic, phys-

hispidus. Note oocyst residuum of clumped globules, polar body, lemon-shape of sporocysts with distinct Stieda
body, and granular sporocyst residuum; also note there are only 2 sporozoites per sporocyst. 4-6. Eimeria

chaetodipin. sp. from C. h. hispidus.Note small size of oocyst, polar body, and largeposteriorrefractilebody

of sporozoites; what appears to be a substieda body in Figure 6 is a portion of the broken oocyst wall lying in

the same focal plane as the sporocyst.7-9. Eimeria hispidensisn. sp. from C. h. hispidus.Note polar body,
globular sporocyst residuum, large posterior refractile body of sporozoites, and presence of Stieda body. 10.

EimerialiomysisLevine,Ivens,and Kruidenier,1958, fromLiomyspictus.This is the firstpublishedphotomicrograph of an organism of this species. Note the absence of an oocyst residuum, the small Stieda body, and the
highly refractile polar body that characterize this species. 11. Eimeria reedi Ernst, Oaks, and Sampson, 1970,

from Chaetodipuscalifornicus.This is the firstpublishedphotomicrographof an organismof this species. Note

the Stieda and substieda bodies, large posterior refractile body of sporozoite, and large homogeneous oocyst
residuum (below field of focus) that characterize this species.
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iologic) may account for Chaetodipus arenarius,
Chaetodipus baileyi, Perognathus inornatus, and
certain cohorts of Chaetodipus penicillatus to be
negative for coccidia.
A higher prevalence of infection appears to be
related to those taxa that avoid desert extremes
by ranging farther into the plains and prairie regions of the midwestern United States where climatological conditions account for more humidity and precipitation. For example, when the
rodents we examined are placed into 2 geographic groups, a western group of 9 species in 3 genera
(C. arenarius, C. baileyi, C. californicus, C.fallax,
C. formosus, C. penicillatus, C. spinatus, P. inornatus, L. pictus) and a midwestern group of 4
species in 3 genera (C. hispidus, D. elator, Perognathus flavescens, P. flavus), a significant difference in prevalence is evident (56/170 [33%] vs.
28/53 [53%], x2 = 7.3, P < 0.007).
Although some of the coccidians reported from
heteromyid rodents may be host specific (e.g.,
the new species from C. hispidus), there is at least
circumstantial evidence of less host specificity
among others. For example, where P. flavus and
C. hispidus coexist in Somervell County, Texas,
they were not found to share the 3 new species
described from the latter host. The reasons for
such apparent host specificity in these coccidians
of C. hispidus are obscure but may be related to
the fact that this rodent is unique morphologically (Hafner and Hafner, 1983) and biochemically divergent (Patton et al., 1981) from all other
congeners and from Perognathus spp. At the other extreme, some heteromyid eimerians seem to
have a more cosmopolitan host range when we
used the only measure available to us, namely,
the structure of sporulated oocysts. For example,
the combination of size, shape, and internal
structures described by Ernst et al. (1970) make
sporulated oocysts of Eimeria reedi a unique entity, and we found such oocysts in the fecal material of 7 species of Chaetodipus and Perognathus from California, New Mexico, Texas, and
Mexico. In addition, the sporulated oocysts of
several other species of coccidia originally reported from murid rodents by us and by others
were seen to cross familial boundaries to heteromyid hosts, using the same criteria as above.
Given that some internal structures, such as residua, may change in size and shape over time
in stored, sporulated oocysts, we recognize that
careful cross-transmission and life cycle studies
are needed to examine this whole problem in
much more detail.

Stout and Duszynski (1983) provided a summary of coccidia from kangaroo rats (Dipodomys
spp.) in the western United States, Baja California, and northern Mexico. They reported that of
1,590 specimens representing 11 species of Dipodomys from various regions of North America
and Mexico, only 13.4% were positive for coccidia and that prevalence of infection for any host
ranged from 0 to 45%, rarely exceeding 25%. In
the present study, 8 of 21 (38%) D. elator from
northern Texas harbored coccidia.
Finally, we have provided a description of a
new species of Cyclospora from a host outside
the mammalian order known to be infected commonly with members of this genus, namely, insectivores. Although a suitable host, the eastern
mole (Scalopus aquaticus), is distributed
throughout much of central and eastern Texas,
including counties sampled by us, these moles
are scarce or absent in stony and gravelly soils.
The study site in Somervell County from which
the type host of C. angimurinensis was collected
does not support soil types inhabited by S. aquaticus (i.e., moist, sandy loam) and, most importantly, moles have not been trapped there, and
we have never observed surface burrows there.
Thus, we believe that C. angimurinensis does not
represent a population of oocysts from a mole
just passing through the intestinal tract of C. hispidus.
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